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(54) A method of determining total 
organic halides in water 

(57) A method of converting organic 
halides in a sample, such as drinking 
water or wastewater, from which 
inorganic halides have been removed, 
to measurable halides, comprises 
heating the sample in an inert 
atmosphere at a relatively low first 
temperature to vapourise water and 
low-temperature volatile organics 
therefrom, leaving a low-temperature 
sample residue, pyrolysing the low- 


temperature volatile organics at a 
higher second temperature in an 
atmosphere comprising a mild oxidant 
to convert all organic haiide portions 
thereof to measurable halides, heating 
the low-temperature sample residue 
at a sufficient temperature to drive off 
high-temperature volatile organics, 
leaving a high-temperature sample 
residue, and pyrolysing the high- 
temperature volatile organics and the 
high-temperature sample residue to 
convert all organic haiide portions 
thereof to measurable halides. 
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The drawings originally filed 
were informal and the print 
here reproduced is taken from a 
later filed formal copy. 
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SPECIFICATION 

A method of determining total organic halides 
in water. 

TECHNICAL FIELD 
5 This invention provides a method for 

determining the total inorganic halide concentration 
in a liquid such as drinking water or wastewater. 

BACKGROUND ART 

Methods previously proposed for measuring the 

10 total organic halide concentration in a quantity of 
liquid, such as drinking water or wastewater, did 
not permit quantitative removal of organic halide 
species, both purgeable and non-purgeable, from 
the liquid to be tested. Furthermore, these 

1 5 methods did not permit quantitative titration of 
bromide species coulometrically and were 
generally slow as well as being characterised by 
poor reproducibility. 

STATEMENT OF INVENTION AND ADVANTAGES 
20 It is an object of the present invention to 
alleviate the disadvantages of these prior 
proposals, and there is accordingly provided a 
method for converting organic halides in a sample 
to measurable halides, said sample having been 
25 pre-treated to remove inorganic halides therefrom, 
said method comprising the steps of: 

a) heating said sample at a relatively low first 
. temperature to vapourise water and low- 
temperature volatile org a files from said sample 

30 without causing sputtering of said water, thereby 
leaving a low-temperature sample residue; 

b) pyrolysing said low-temperature volatile 
organics at a second temperature, said second 
temperature being higher than said first 

35 temperature, to convert all organic halide portions 
of said low-temperature volatile organics to 
measurable halides; 

c) heating said low-temperature sample residue 
to vapourise high-temperature volatile organics 

40 therefrom, thereby leaving a high-temperature 
sample residue; 

d) pyrolysing said high-temperature volatile 
organics to convert all organic halide portions of 
said high-temperature volatile organics to 

45 measurable halides, and 

e} pyrolysing said high-temperature sample 
residue to convert all organic halide portions of 
said high-temperature sample residue to 
measurable halides. 

50 The sample may be obtained by passing a 
known quantity of a liquid to be tested for total 
organic halides through a bed of sorptive material, 
such as activated carbon, at a flow rate that 
permits diffusion of the liquid through the sorptive 

55 material. The organic species in the liquid, 

including organic halides, are removed from the 
liquid by adsorption and absorption on to the 
sorptive material. Thereafter, a halide ion 
displacement wash solution may be passed 

60 through the sorptive material to displace inorganic 
halides therefrom. The organic halides that have 
been sorbed by the sorptive material are then 


converted to measurable halides, in accordance 
with the present invention, so that a determination 
65 of the total concentration of organic halides in the 
liquid can be made. 

According to a preferred embodiment of the 
method, a measured sample of the sorptive 
material, after having been pre-treated (i.e. 
70 washed with a halide ion displacement solution to 
remove inorganic halides therefrom), is heated in a 
chemically inert atmosphere at a relatively low 
first temperature (e.g. 200°C) to vapourise water 
and low-temperature volatile organics therefrom, 
75 thereby leaving a low-temperature sample 
residue. The rate of heating of this pre-treated 
sample at this first temperature is low enough to 
preclude any substantial sputtering of the sample, 
water or low-temperature residue. Thereafter, the 
80 low-temperature volatile organics are pyrolysed at 
a higher second temperature (e.g. 800°C) so that 
all organic halide portions thereof can be 
converted to measurable halides. Also, the low- 
temperature sample residue is heated at a 
85 relatively high temperature so as to vapourise 
high-temperature volatile organics therefrom, 
leaving a high-temperature sample residue. 

Furthermore, according to the preferred 
embodiment, the low-temperature volatile 
90 organics are pyrolysed in an atmosphere that is 
appropriate to convert all organic halide portions 
of the low-temperature volatile organics to 
measurable (e.g. titratable) halides. An appropriate 
atmosphere for this purpose comprises a mild 
95 oxidant such as carbon dioxide. Preferably such a 
mild oxidant atmosphere is free of oxygen or any 
other strongly oxidising gas, although oxygen or 
any other strongly oxidising gas could be present if 
diluted sufficiently (e.g. by an Inert carrier gas) so 

1 00 as to prevent the formation of significant amounts 
of species such as bromine and oxybromo acids 
that are not coulometrically titratable. 

The heating of the low-temperature sample 
residue to drive off the high-temperature volatile 

1 05 organics may, but need not necessarily, occur at 
the same second temperature (e.g. 800°C) and in 
the same heating region as the pyrolysis of the 
low-temperature volatile organics. It is not a 
requirement of this invention that heating of the 

110 low-temperature sample residue and pyrolysis of 
the low-temperature volatile organics occur in the 
same region. However, using the preferred 
apparatus for the practice of this invention, both 
the low-temperature sample residue and the low- 

115 temperature volatile organics are heated 

sequentially in the same heating region. The high- 
temperature volatile organics that are produced by 
heating the low-temperature sample residue at a 
higher second temperature can then be pyrolysed 

1 20 at a temperature, which may but need not 

necessarily be the same second temperature (e.g. 
800°C), in an atmosphere that is suitable to 
convert all organic halide portions of the high- 
temperature volatile organics to measurable (e.g. 

125 -titratable) halides. A suitable atmosphere for the 
pyrolysis of the high-temperature volatile organics 
may comprise a m^d oxidant such as carbon 
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dioxide. Strongly oxidising gases are to be 
avoided, unless highly diluted so as to prevent the 
formation of significant amounts of non-titratable 
species. 

5 The organic halide portions of the remaining 
high-temperature sample residue may then be 
converted to measurable halide species by 
complete oxidising, preferably in an atmosphere 
comprising an oxygen-containint gas. Such 
1 0 oxidation of the high-temperature sample residue 
may, but need not necessarily, occur at the same 
second temperature (e.g. 800°C) and in the same 
heating region as the pyrolysis of the high- 
1 c ? em P eratur e volatile organics. When the high- 
l o temperature sample residue is oxidised and the 
atmosphere used to oxidise the sample contains 
oxygen, pyrolysis of the high-temperature volatile 
. organ.cs and oxidation of the high-temperature 
sample residue in the same heating region must 
tho CU * tW u successive «me intervals. Therefore 
the atmosphere of the heating region may initially 
compr.se a mild oxidant gas that is low in oxygen 
content. Th.s oxygen-lean atmosphere can be 
maintained for a sufficient interval of time to 
25 enable complete pyrolysis of the high-temperature 
volatile organics to occur, and thereafter, the 
atmosphere of the heating region is changed to 
S^h? ox y9 en - co "teininoj,as such as air, 
30 £mS . 68 """P'^e combustion of the high- 
30 temperature sample residue to occur. An 
atmosphere of carbon dioxide is suitable for 
pyrolysis of the high-temperature volatile 
organics. 

After the organic halldes in the pre-treated 
35 sample have all been converted to measurable 
hal.des in accordance with the method of the 
present invention, the measurable halldes are then 
measured by a conventional technique such as 
coulometric titration. 



65 ssp^Msat--. 

carbon. A nitrate ion wash reservoir 14 i. 
proved it dp,- reSSUriSed t3nk (not show "> is 

ou and may suitably be cylindrically configured with » 

FiG^°:T n9 1 00 mi,,i,itres - ^-SSnTT 

FIGURE 1 , each container 1 0 has a removable 
gas-tight cap 1 6 and an inlet 1 8 for admitSo 

85 2?,f S thr ° Ugh the ca P 1 6 - Each container ° 0 " 
a,so has a " outlet 20 for discharging liquS at a 
fate proportional to the rate at which the inl I „ a 
■s admitted at the inlet 1 8. iK^KS ff 
columns 1 2 can be interconnected by, for 

90 S amp,e ' a thrcad ed O-ring compression fitting 


40 FIGURES OF THE DRAWINGS 

FIGURE 1 is a schematic illustration of an 

apparatus for removing organic species bv • 

sorption from a liquid to be tested for total organic 

halide concentration, and 
«5 FIGURE 2 is a schematic illustration of an 

apparatus for converting organic halldes in a 

mpTh P ^ t ^?i!. eaSUrab,e halWes according to the 
method of the present invention, and for 
- subsequent titration of the measurable halides. 

50 DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to the drawings, a known quantity of 
bi !?f h " drinkins water or waste waterlo 
D V!*H%i 0r 'u 31 ° rganic ha,ide concentrations 

55 fhat »m^« 9h 3 P3cked bed of s< "Ptive material 
K< T S ° r9aniC Species ' deluding organic 
halides from the liquid by adsorption and/or 
absorp tlon . An apparatus fo( . 3CC „ hj 

S- n , P tk 6SS is schematically shown in 
cn I . . E 1 • T he a PP arat us comprises a plurality of 
60 containers 10, into each of which a known 

quantity of the liquid to be tested is placed The 
containers 1 0 are mounted on a frame (not 
shown); and a plurality of columns 12 are 


Each of the columns 1 2 can consist of a 
of standard 2 mm I.D. capillary SSf&Sffi 
the sorptive material is packed, and held in 

95 ESS? qUartZ W °°' 24 ' t0 f0 ™ a feci 22 
Se «oot C h 0nn K Cted CO,Umns 1 2 can °e coupled to 
one another by compression fittings 23. As liquid 
s passed through a column 12 from a coma ne f 
10, or from a preceding column 1 2, organic 

» °° Edon 21? qU,d ' ^ C,Udin9 ^loZZes. are 
Th? SHIS - e SOrpt,Ve materlal in the bed 22. 
The nitrate ion wash reservoir 14 holds a wa*h 
solution to be passed through the 2£5i ' WaSh 
material in each column 12 after the known 
quantity of liquid to be tested has passed 

inorganic halides adsorbed or absorbed by the 
sorptive material. The reservoir 1 4 can 
r^ri 8960 ^ be 8 g,as3 contai "er having a 

HO" tigh c7p 28 ^ e m r , '" i,itreS ^ h 3 — eble'gas- 
tignt cap 28. The reservoir 14 includes an inlet 30 

^SSSSS, 938 th T 9h the cap 28 ™* a ° 

outlet 32 for discharging the wash solution at a 
rate proportional to the rate at which the iSert L, 

1 1 5 JjtfZ?t at the in,et 30 " ™* outlet 32 can be 
flu.d-sealably connected to each of the columns 

<STX7 3 SUi l 3b,e coni P^ion f Jng 23. 
Other techniques, besides the use of 

pressur.sed gas, are possible for causing the 

120 d l S ? 3r9 t 0f " quid from the containers 10 and for 

re S :;ZnTfoT rge °f W3Sh SOlution from " he 
reservoir 14. For example, a manual or automated 

mechan.cal displacement device, such as a 

syringe or a suction device, could be used 

125 .. ,n . case s where the liquid to be tested has been 

reducing agent (e.g. sodium sulphite or sodium 
hiosulphate) with the liquid prior to passing the 
l-qu-d through the columns 1 2. The reducing agent 
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eliminates residual chlorine interference by 
reducing chlorine to chloride. 

A sample of sorptive material from the bed 22 
in one of the columns 1 2. after having been pre- 
5 treated (i.e. washed) with a halide ion 

displacement solution from the reservoir 14 to 
remove inorganic halides therefrom, is then 
processed according to the present invention 
whereby the organic halides that have been 

10 sorbed by the sorptive material are converted into 
measurable halides. An apparatus for so 
processing a sample of pre-treated sorptive 
material is shown schematically in FIGURE 2. A 
commercially available apparatus that is suitable 

1 5 for this purpose is the MCTS — 20 

microcoulometric titration system available from 
the Dohrmann Division of Envirotech Corporation, 
Santa Clara, California 95050. United States of 
America. 

20 The apparatus illustrated in FIGURE 2 generally 
comprises a furnace unit 50 and a detector unit 
52. The detector unit 52 can advantangeously be 
a titration cell, so that measurement of the 
measurable halides can be accomplished by 

25 coulometric titration. In principle, however, the 
practice of the present invention is not limited to 
any particular kind of detection technique. 

The detector unit 52 is in gas flow 
communication with the furnace unit 50 to receive 

30 gases therefrom. The furnace unit 50 comprises a 
sample receiving region 54, a first heating region 
56, and a second heating region 58. A conduit 59 
within the furnace unit 50 extends from the 
sample receiving region 54 through the first 

35 heating region 56 to the second heating region 

58. The furnace unit 50 is coupled to a first line 60 
for introducing gas into the sample receiving 
region 54, a second line 62 for introducing gas 
into the conduit 59 downstream of the sample 

40 receiving region 54, and a third line 63 for 

introducing gas into the second heating region 58. 
Gases so introduced into the furnace unit 50 exit 
therefrom through a conduit 64 to the detector 
unit 52. 

45 In operation, a measured quantity of the pre- 
treated sample is introduced into the sample 
receiving region 54. The pre-treated sample may 
be solid-particulate carbon with organic species 
(including organic halides) that have been 

50 removed from the liquid to be tested sorbed 
thereon. However, the method of this invention 
does not depend on the physical state of the 
sample, i.e. on whether the sample is a solid, liquid 
or gas. Various kinds of conventional sample 

55 receivers are available for receiving solids, liquids, 
or gases. In the apparatus illustrated in FIGURE 2, 
a boat 70 is used to receive wet activated carbon 
from the columns 1 2 shown in FIGURE 1 . 

The boat 70 is made of non-reactive material 

60 such as quartz, and is movable along the conduit 

59, either manually or automatically, by means of 
a push rod 72 between three positions. The first • 
position 74 for the boat 70 is located below a 
sealable opening 76 through which the measured 

65 quantity of sorptive material is introduced to the 


boat 70. The second position 78 is located in the 
first heating region 56, and the third position 80 is 
located in the second heating region 58. 

in the first heating region 56, the pre-treated 

70 sample in the boat 70 is heated at a relatively low 
first temperature that is sufficient to evaporate 
water and readily volatile organics, leaving a low- 
temperature residue in the boat 70. The rate of 
heating in the first heating region 56 is low 

75 enough to prevent any substantial amount of 
sputtering of water, sample material or low- 
temperature residue.The minimum temperature 
needed in the first heating region 56 to vepourise 
water from the sample is about 60°C The 

80 maximum practicable temperature for avoiding 
water sputtering is about 400°C- A preferred 
temperature range is between 1 00°C and 300°C, 
and the preferred temperature in the first heating 
region 56 is about 200°C. For optimum 

85 temperature control in the heating region 56, the 
portion of the conduit 59 at the first position 74 
can be surrounded with cooling coils and/or 
heating elements. A pressurised inert gas is 
introduced into the sample receiving region 54 via 

90 the first line 60 in order to prevent back-diffusion 
into the sample of gases generated downstream in 
the conduit 59. Suitable inert gases for this 
purpose are argon and helium. 

The gases generated in the first heating region 

95 56 (i.e. water vapour and low-temperature volatile 
organics) are carried into and through the second 
heating region 58 towards the detector unit 52 by 
a carrier gas that is introduced into the conduit 59 
via the second line 62 downstream of the sample 

1 00 receiving region 54. This carrier gas could consist 
initially of a substantially inert gas that does not 
react chemically with the volatile gases and water 
evolved in the first heating region 56. 
Alternatively, the carrier gas could consist initially 

1 05 of a mild oxidant such as carbon dioxide for use 
further downstream in the second heating region 
58 to pyrolyse the low-temperature and high- 
temperature volatile organics. 

The gas initially introduced via the second line 

110 62 is preferably oxygen-free during pyrolysis of 
•the low-temperature and high-temperature 
volatile organics so as to suppress the formation 
of species such as bromine and oxybromo acids 
that are not couiometrically titratable. After 

115 pyrolysis of the low-temperature and high- 
temperature volatile organics in the second 
heating region 58 has been completed, the gas " 
introduced via the line 62 is switched to a strongly 
oxidising gas (e.g. pure oxygen or air) to pyrolyse 

120 the high-temperature sample residue. An oxygen- 
rich atmosphere to facilitate complete pyrolysis of 
the high-temperature sample residue in the 
second heating region 58 can be provided by 
introducing pure oxygen via a third line 63 into the 

1 25 gas flow path into the second heating region 58. It 
has been found that as the low-temperature 
sample residue is moved into the second heating 
region 58, if the atmosphere in the second heating 
region 58 is changed to an oxidising atmosphe.re 

1 30 by an appropriate switching of the gas introduced 


4 


via the line 60 or the line 62, the resulting high- 
temperature volatile organics and high- 
temperature sample residue are pyrolysed 

5 Hi! Sr *? ?' e,d Pyrolysis P r ° duc ts that are 
5 indistinguishable from each other. The 

Snn P <; h fl ere thUS found in the seco "d heating 
region 58 is suitable for the formation of 
coutometrically titratable species. 

tO 56 mL 3 ^° SPhere USed in the first heatir >9 region 
f « hft vT P , nSe 3 mi,d,y oxidant < oxygenTfrei 
35. « , 5 a ' S .° rec °9 nised ^at the atmosphere 

£ oxlS J 63 ''" 9 regi ° n 56 need not necessarHy 
be oxygen-free or mildly oxidant. Thus, oxvcen or 

1 5 t^SX Stnn9lv oxidisi "9 9« "ay be pTesent i^ 
f the first heating region 56, provided that the 

ssr °f such ° xygen ° r ° ther str °"9iy 

oxidising gas is low enough to preclude the 
tormation of significant amounts of species that 
20 the «°< COU,ometrica »V titratable. Sin?e htattng is 
JSt h y , Pr ° CeS ^ that is imended to occur inS 
first heatmg region 56 so that water vapour and 
ready volatile organics can be driven off Somle 

Sta ' ""J*!?" ° arrier gaS of on, y commercSl 
25 !.,S e . PU :, ,ty J:- e - 3 Carrier 9 as *« may include a 
sufficiently d.luted quantity of an oxygen- 
containmg gas such as air) is suitable for 
^traduction into the conduit 59 via the second 

30 tamnI h V eC ° nd heating re 9 ion 58 - the low- 

70Thea t U ed ItT"^ r6maining in tne boa t 
nf th if? 8 h ' 9her temperature to convert all 
of the halogen-containing portions of the low- 

ST, 83 * residue to measurable 
35 ha " des j J he low-temperature volatile organics 

tem^ I" ^ ?* he3tin9 re9 '° n 56 and tne high 

seS ho£ VO ' at " e 0r9amcs evo,ved in the 9 
second heating reg,on 58 likewise undergo 

conve^a.'.sl'; 6 heatin9 re9ion 58 that 

, J^T'"'™" 1 temperature needed in the 
about 5 SoorT e9i ° n 58 10 fnitiate combustion is 
fe To ,hp eC3USe ° f a PP arat "s limitations 

45 70?' ttf m°£ e temDerat "re of the quartz boat 
h°i; i hemax, T mtemperatura ^ the second 
heating region 58 is about 1200°C.The preferred 

58ThT re ra ^ e forthe sec ° nd heating P region 
58 is between 700° C and 1000°C, and the 
preferred temperature is about 800°C 
to I he ! :ondult 64 connecting the furnace unit 50 
to the detector unit 52 serves to convey all the 
gases evolved from the sample in the heating 
regions 56 and 58 to the detector unit 52 The 
_ conduit 64 can be made of glass tubing 

T»T * bV 3 heating strip in order to maintain 
Tr e no e i mperatUre within the conduit 64 above 
i uu c so as to avoid condensation of water 

A suitable detector unit 52 is the titration cell 
descnbed in U.S. Patent No. 3,427.238, the 
6° contents of which are incorporated herein by 
reference. Thus, as shown in FIGURE 2 the 
detector unit 52 comprises an electrolytic cell 82 
conta.nin.ng an electrolyte; an inlet 84 for 

65 umTsom In" 9a ?, e fl °, US PTOduCtS fram the fur nace 
un.t 50 to the cell 82; and an anode electrode 86 
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electrode 88 and a sensor electrode 90 
each disposed .n the electrolyte. The detector unit' 
W also comprises a reference electrode 92 
70 :, ,SP ° Sed electro 'ytic communication with the 
70 electrolyte; suitable electrical circuitry (not shown) 

for operation of the detector unit 52, and a snTp 
chart or other device (not shown) for recording the 
use of electrical power, which is proportional ? D 

75 ^^rrc? ° f haHdeS in the eel 82. 

'° In practising the present invention, a volume of 
approximately 1 00 millilitres of the liquid to be 
tested, such as drinking water or wastewater, 
comaming up to 500 parts per billion organic 
halides, is placed in one of the containers 1 0 with 
50 a minimum of agitation in order to minimise the 
escape of purgeable organics. For a liquW havSg a 
higher concentration of organic halides a 
proportionally reduced volume of liquid can be 

85 SiS ! ! ora,t ? mativeiy the " auid can be 
85 diluted to lower the organic halide concentration 
A single container 1 0 is sufficient but the 

c inr,'^ a l COntainers 1 0 ma y be provided so that 
confirmation measurements, or measurements on 
90 Samp ' eS ' Can be made concurrently. 

The container 1 0 containing the liquid to be 
tes ed ,s gas-sealed with cap 1 6, and the gas line 

columnT?^ t0 tl L S . ln,et 1 8 - Rret and sa con2 
columns 12, arranged in series and each 

containing a bed 22 ofsorptive material, are - 

mT 6 ^ t0 i he ° Ut,et 2a The Preferred sorptive 
matenal .s ordinarily, because of subsequent 

oacled S Ho 0 /,- he , SO,ptive materia, < a tiShtly 
th- r! Dedo «'"ely ground activated carbon in 

1 0O 1 3006 ° f about 1 00 1° 400 mesh. However for 
tech "W°*' synthetic porous 
polymer beads could be used as the sorptive 

te a tpH a in 0r ^ 1 °° m, '" i,itre vo,ume °f U to be 
tested, 40 m,||,g rams of activated carbon in each 
■ column 12 would be sufficient to remove 

c S l S l n o' y 3 " 0r9anic ha,idas "he 
co umn 1 2 nearest the container 10. The second 

' comZ in . Serie l With tHe flrSt column enables 
o?the W 0 ,".* 0 b \ made ° fthe sor Pt io n efficiency 
1 1 0 th L h! I "'T" Dy P rovidi ng a comparison of - 
no he background reading of the halide content of 
the sorphve material in the first column with an 

Smn ndently ° btainedreadin ^ • 

1 1 5 th Acc ° rdin 9 to one method of passing liquid from 

gas suchTh 5 , 1 ° im ° the C ° lumns 1 2 a " - 
gas such as helium or argon is introduced into the 

cauS'cT ° th /° U9n the line 33 at a ^te that 
cause th« i liquid to flow through the columns 1 2 

120 f i? u ^fPProximately 3 millilitres per minute 
120 which ^^.Jjlftant diffusion in the columns' 
12 to accomplish the sorption. The passage of a 

thm U nh e th qUa ? tity ° f about 100 millilitres of liquid 
through the columns 12 takes about 30 minutes 
Other methods for passing liquid from t U h m ' nUteS - 

1 ?j nt ° the C ° ,UmnS 12 '-lude use of 
a mechanical displacement device (e.g. a syrinqe) 
or a suction device. =>yrmge; 

th Aft6 u a measured quantity of liquid has passed 
130 * l ° UBh l *« co,um '»12.thecohjmn«ar. 
130 uncoupled from the containers 10 and are coupled ' 
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to the reservoir 14. The reservoir 14 contains a 
halide ion displacement wash solution, which may 
be passed through the beds 22 in the same 
manner as the liquid to be tested. Thus, an inert 
5 "gas may be introduced to the reservoir 14 through 
line J3 so that the wash solution flows through 
the columns 1 2 at an appropriate rate such as one 
millilitje per minute. Alternatively, a mechanical 
displacement device or a suction device could be 
10 used. 

The wash solution displaces inorganic halides 
such as sodium chloride from the sorptive 
material. The quantity of wash solution passed 
through the columns 1 2 need not be measured 
1 5 precisely, and approximately 2 millilitres is 

sufficient. A suitable wash solution is an aqueous 
solution having a nitrate ion (N0 3 ) concentration 
range of from 0.01 N to 0.1 N depending upon 
characteristics of the particular batch of activated 
20 carbon used for the beds 22. If not removed, the 
inorganic halides typically found in drinking water 
would mask the organic halides to such an extent 
that a measurement of organic halide 
concentration would be inconclusive. It has been 
25 found that the above sorption process achieves 
good recovery of purgeable organic halides, such 
as CHCI 3 , and non-purgeable organic halides, such 
as 2,4,G-tribromophenol. It is believed that these 
results a\e achieved because the liquid Is not 
30 agitated during the sorption process. 

The heating of the pre-treated sample occurs in 
the first heating region 56. Low-temperature 
volatile organics generated in the first heating 
region 56 are carried by a pressurised inert carrier 
35 gas from the line 62 into the second heating 
region 58, and thence through the conduit 64 to 
the detector unit 52. The low-temperature sample 
residue remaining in the boat 70 is then moved by 
means of the push rod 72 to the second heating 
40 region 58. The atmosphere of the second heating 
region 58 is controlled so that organic halides 
sorbed on to the sorption material can be 
converted to titratable halides, while the 
production of bromine and oxybromo acids (e.g. 
45 hypobromous acid) is minimised. 

A residence time of at least thirty seconds for 
the pre-treated sample in the first heating region 
56 is required, and a residence time of about one 
minute is preferred. A residence time of about 
50 fifteen seconds is preferred for low-temperature 
volatile organic gases in the second heating region 
58; and a residence time of at least two minutes is 
preferred for the low-temperature sample residue 
in the second heating region 58. 
55 For the apparatus as described, it is appropriate 
to introduce 200 cc/min of gas into the furnace 
unit 50 at all times. Of this 200 cvc/min, about 
1 00 cc/min may comprise the inert gas introduced 
via the first line 60. The other 1 00 cc/min may 
50 initially comprise either pure carbon dioxide 
introduced via tho second line 62, or a 
combination of 50 cc/min of carbon dioxide from 
the second line 62 and 50 cc/min of oxygen from 
the third line 63. The gas introduced via line 60 or 
55 ii ne 62 is subsequently changed to pure oxygen 


during the latter part of the combustion process in 
jhesecond heating region 58. The gases evolved 
in the furnace unit 50 are continuously carried to 
the detector unit 52 where, in a conventional 
70 manner as described in the aforementioned U.S. 
Patent No. 3,427,238, the organic halides in those 
gases may be titratable coulometrically. 

As illustrated in FIGURE 2, the gases from the 
furnace unit 50 pass Into the titration cell 82 
75 through the inlet 84. Chloride, bromide and iodine 
ions are generated as the organic halides go into 
solution in the cell 82. These ions react very 
rapidly with silver ions in the electrolyte to form 
precipitates of silver chloride, silver bromide and 
80 silver iodide, respectively. This process reduces 
the concentration of the silver ions in the 
electrolyte, and consequently changes the 
tendency of silver to leave the sensing electrode 
90. The electrical potential on the sensing 
85 electrode 90 is thereby changed, and the anode 
86 becomes more positive. More electrons are 
thereby drawn from the anode 86 causing more 
silver ions to enter the electrolyte to restore the 
silver ion concentration. 
90 A measured quantity of sorptive material from 
the second column 12 may be processed in the 
same way as described above for sorotive material 
from the first column. Ideally, the sorptive materier 
in the second column 1 2 has not sorbed any 
95 additional organic halides, the organic halides 

having been completely removed from the liquid in 
the first column 12. As a consequence, the halide 
reading for the sorptive material in the second 
column should be substantially equal to the 
1 00 background reading of the halide content of the 
sorptive material. The chlorine background of 
activated carbon is normally constant for all 
carbon from the seme batch, and hence chlorine 
background can be determined independently. The 
1 05 total organic halide determination for the first 

column is obtained by subtracting the background 
halide reading from the halide reading for the 
sorptive material in the first column. 

With apparatus as described, the detection of 
1 1 0 measurable halides is limited to approximately one 
microgram per litre of liquid to be tested. The 
reproducibility is the higher of about ±1 
microgram per litre of ±3% of the total organic 
halide. 

1 1 5 The sorption technique described herein can be 
used with other procedures for measuring organic 
halides, such as liquid chromatography or solvent 
extraction. Also, the combustion and titration 
techniques described above are not limited to use 

1 20 with samples prepared by the above-described 
sorption techniques. The sample to be treated by 
the heating and titration techniques described 
above can be in liquid, solid or gaseous form. The 
present invention is especially advantageous 

1 25 whenever a liquid to be tested contains bromide 
components that would otherwise pass through a 
titration phase as unmeasurable bromine gas or 
oxybromo acid. 

The present invention has been described 

1 30 above in terms of a preferred embodiment, which 
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CLAIMS 

aannt Z eth ° d for 5 onverti "9 organic halides in a 
Sen 1™ t m6 f T ab,e ha,ides ' said *"»P'e bavmg 
th«r»fr' ea -^ d t0 remove '"organic halides 
e& Sa ' d T ethod com P"sing the steps of: 
a) heating said sample at a relatively low flm 
temperature to vapourise water and low- 

222^ f 9 sputtorin 8 of said water, thereby 
leav ng a low-temperature sample residue; 

«J2? yrO 1 W,n0 Said ,ow - ,em Perature volatile 
2 "' a K S8 , COnd tem P^ature. said second 
temperature being higher than said first 

ofT a P irt?n t,Jr !' t0 COnVert 3,1 or S anic ha «d<* portions 
of said low-temperature volatile organics to 
measurable halides; organics to 

d) pyrolysing said'high-temperature volatile 
organics to convert all organic nalioe portoni 0 f 
sbhJ high-temperature volatile organics to 
measurable halides. and 

♦°' VSin9 881,1 h, "9 h -t«""perature sample 

ZEE£££1" organic ha,ide port,on * ° f 

said high-temperature sample residue to 
measurable halides. 

„ JL? e m0th0d °? c,aim 1 wi,h m8 additional 
step of measunng the measurable halides 
obteined from the pyrolysis of said low- 
temperature volatile oiganics. 


GB 2 029 014 A 

a wi:- The , method of c,aim 1 or c'a'm 2 with the 
additional step of measuring the measurable 
hahdes obtained from the pyrolysis of said low- 
temperature residue. 

5. "Hie method of any one of the Drecedinn 
claims whenrin said first temperature fa ?n Z 
range from 60°C to 400°C. 

6. The method of claim 5 wherein said first 
temperature is 200°C. 

ri,L The u met . hod ofanv one of die precedinq 
claims wherein said step of pyrolvsina saM iL, 
temperature voletile organic^ocSs ?n an 
gmosphere that is appropriate to convert said 
^temperature volatile organics to titretabt 

an „ 8 r«I he f mth0d of c| aJ»" 7 wherein said 

3E553K*" co """ ,5es a mild 
£Sf 8 ™ h8re *' Mld — 

1 0. The method of any one of the DreceHJn« 

2w P h a Tl re Samp,e res,due ' sa "'d Pyrolysing of 
said h lg h-temperature volatile organfcs and \2id 

reSp'" 9 ° f ^ "^""tenipereturermple ^ 
resnJue occur in a second region. 

70 in a i™LT h ° d for c ° nvertin 9 organic halides 
accompanying drawings. 2 ° f the 
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